ABSTRACT: Health degradation modifies Trp metabolism through induction of Trp catabolism. This could limit the amount of Trp available for growth. The aims of the present experiment were to investigate the effects of a low grade inflammation and dietary Trp on growth and Trp metabolism. Eighty weaned pigs were assigned to 4 experimental treatments according to a 2 × 2 factorial arrangement: 2 sanitary statuses × 2 dietary Trp contents. The Trp content was deficient (low-Trp: 2.4 and 1.9 g of Trp/kg of the phase I and phase II diets, respectively) or adequate (high-Trp: 2.9 and 2.4 g of Trp/kg of the phase I and phase II diets, respectively). A low grade inflammatory response was induced by housing pigs in unsanitary environment, whereas control pigs were housed in good sanitary conditions. Pigs were not fed ad libitum to avoid feed refusals. Growth performance was calculated 3, 5, and 7 wk after weaning. Blood was sampled 12, 33, and 47 d after weaning for the determination of plasma concentrations of Trp and related metabolites, kynurenine and pyridoxal-5-phosphate. The interaction between sanitary status and dietary Trp was not statistically significant in all measured criteria. Pigs kept in poor sanitary conditions grew slower (P < 0.001) during the entire experimental period and had greater plasma concentrations of haptoglobin (P < 0.001) than pigs housed in good sanitary conditions. Pigs housed in poor sanitary conditions had also decreased Trp plasma concentrations (P < 0.001), but plasma kynurenine concentrations were not affected. Our results indicated that a moderate inflammatory response was obtained by degrading the sanitary quality of environment. Additionally, poor sanitary conditions modified Trp metabolism, indicating that the amount of Trp available for growth and other metabolic functions might be reduced.
INTRODUCTION
In farm animals, it is well established that the stimulation of the immune system can interfere with production functions such as growth and protein accretion (Klasing and Barnes, 1988; Williams et al., 1997) . Such perturbations include depressed feed intake and modifications of nutrient metabolism. Among nutrients, AA are shifted from growth and development toward tissues and cells involved in inflammatory and immune responses (Klasing and Johnstone, 1991) . Such changes in AA metabolism can induce a competition between growth and body defenses for AA utilization, which, in turn, may generate specific requirements for some AA. This raises the question of what would be the adequate dietary AA contents required for optimum growth rate and body defense functions.
We previously showed that Trp metabolism was dramatically modified in pigs suffering from experimental lung inflammation compared with healthy pair-fed pigs (Melchior et al., 2004) ; specifically, inflammation induced the catabolism of Trp through the activation of the enzyme, indoleamine 2,3 dioxygenase or IDO (Le Floc'h et al., 2008) . The decrease in plasma Trp concentration during an inflammatory response indicated that Trp availability and utilization for growth may be compromised. To validate this hypothesis for conventional pig production facilities, we have developed a model to induce a low-grade inflammatory response by degrading the quality of environment for postweaning pigs. Pigs did not develop clinical disease but expressed a low-grade inflammatory response and less growth performance compared with control pair-fed pigs housed in good sanitary conditions (Le Floc'h et al., 2006) . In the present experiment, our objective was to determine the effect of both sanitary conditions and dietary Trp (supplied at adequate or marginally deficient concentrations) on growth rate of pigs under feed restriction. The response of in Trp metabolism was also assessed through measuring concentrations of plasma Trp and related metabolites.
MATERIALS AND METHODS
The experiment was conducted under the guidelines of the French Ministry of Agriculture for animal research.
Animals and Allotment
Eighty Piétrain × (French Landrace × Large-White) pigs from Institut National de la Recherche Agronomique (INRA) herd were used in this experiment. Pigs were weaned at 4 wk of age, and 20 blocks of 4 littermate pigs were selected according to their BW (7.8 kg of average BW). Within each block, each pig was randomly assigned to 1 of the 4 combinations of 2 factors (i.e., 2 dietary Trp supplies and 2 sanitary statuses).
Experimental Diets
Two diets for phase I and 2 for phase II were prepared in the feed manufactory of INRA (Saint Gilles, France; Table 1 ). They were composed of corn, corn gluten meal, pea, soybean meal, plus whey for phase I diet. The basal low-Trp diets (low-Trp) were formulated to meet energy and AA requirements per unit of NE (Sève, 1994) , except for Trp, in which supply was 20% less than the recommendations made by Sève et al. (1994) . In the phase I basal diet, the digestible Trp content was 1.7 g/kg and corresponded to a digestible Trp to Lys ratio of 0.15. In the phase II basal diet, the digestible Trp content was 1.5 g/kg and corresponded to a digestible Trp to Lys ratio of 0.14. Crystalline LTrp was added to the basal low-Trp diets at 0.6 and 0.55 g/kg for phase I and phase II diets (high-Trp), respectively, to satisfy Trp requirements. Digestible Trp contents were 2.3 and 2 g/kg for phase I and phase II, respectively, in high-Trp diets; such dietary concentrations corresponded to digestible Trp to Lys ratios of 0.19 and 0.20 for phases I and II, respectively.
Experimental Procedure
The experimental period was divided into 3 phases. The first 19 d after weaning corresponded to phase I, and phase II lasted from d 20 to 40 after weaning. A third phase, from d 41 to 50 postweaning, corresponded to a period of transition to the growing unit, during which pigs were still fed the phase II diets.
From the day of weaning, pigs were housed individually. Within each block, 2 pigs were housed in good sanitary conditions, whereas the 2 other littermates were housed in poor sanitary conditions. The different sanitary conditions were established as already described by Le Floc'h et al. (2006) . Briefly, pigs subjected to the good sanitary conditions were housed in cleaned and disinfected rooms and received an antibiotic supplementation [avilamycine at 2 g/kg of diet during the postweaning period (phases I and II) and oxytetracycline at 0.2 g/kg of diet from d 41 to 50 after weaning (transition phase)]. Oxytetracycline was used to prevent Hemophillus infection. Antibiotics were used as a preventive medication to reinforce the quality of the good sanitary conditions. Whether to use antibiotics or not is part of the model used to modulate the inflammatory status of postweaning pigs (Le Floc'h et al., 2006) . Pigs raised in poor sanitary conditions were housed in rooms that were not disinfected or cleaned after previous occupation by pigs from the same herd. They did not receive any antibiotic supplementation and were housed with nonexperimental pigs that were also individually penned.
The low-Trp and high-Trp diets were offered to 1 pig within each block and each sanitary status. Pigs were assigned to the same experimental treatment throughout the experiment. To separate the eventual metabolic effects of treatments from those related to feed consumption, feed intake was controlled (restricted) within each block. The maximum feed allowance (100 g of feed per kg of BW 0.75 ) was progressively reached by 20 d after weaning. Individual feed refusals were recorded every day. Pigs were weighed at the end of each phase (d 19, 40 , and 50) after being fasted overnight.
Blood samples (10 mL) were collected into vacutainer tubes with 150 USP heparin (BD Vacutainer Systems, Plymouth, UK) by puncture of a vena cava after an overnight fast 12, 33, and 47 d postweaning, which corresponded to the middle of each experimental phase. Part of the whole blood was treated immediately for total glutathione analysis, and the rest was centrifuged (4,000 × g for 15 min at 4°C) for plasma collection.
Analyses
Diets were analyzed for DM (AOAC, 1990) . Nitrogen contents were determined according to the Dumas procedure (Leco 3000, Leco, St. Joseph, MI). Dietary AA concentration was measured by HPLC (Alliance System 2696, Waters, Milford, MA) after hydrochloric acid hydrolysis.
The plasma concentration of haptoglobin, a major acute-phase protein in pig, was measured by a colorimetric assay (phase haptoglobin assay T801, Tridelta Development Limited, Maynooth, Ireland). The intraassay variation comprised between 0.09 and 1.36%, Tryptophan metabolism in poor sanitary conditions and the interassay variation comprised between 7 and 11%, according to the range of concentrations. Sensitivity was determined as 0.05 mg/mL of haptoglobin. Blood total glutathione was determined as described by Tietze (1969) and was used as an indicator of the antioxidant status of pigs.
Plasma concentrations of Trp and kynurenine were determined by HPLC on a reverse-phase C-18 column (Alliance System, Waters, Milford, MA). Analyses were performed using 3-nitro-L-tyrosine as an internal standard. Tryptophan and kynurenine were then detected by fluorometry and UV absorbance, respectively, as described by Widner et al. (1997) . Plasma AA concentrations were determined by ion-exchange liquid chromatography as described previously (Le Floc'h et al., 2006) . Plasma concentrations of pyridoxal-5-phosphate (P-5-P), the active form of vitamin B 6 in the body fluids, were measured by a fluorometric method (Matte et al., 1997) .
Statistical Analysis
Data analysis was performed using PROC MIXED (SAS Inst. Inc., Cary, NC). The model included the effect of sanitary conditions, dietary Trp, and the interaction between sanitary conditions and dietary Trp. The litter was included in the model as a random effect. For blood measurements, the effects of time and their interaction with sanitary status and dietary Trp were included in the model. The interaction, sanitary conditions × dietary Trp within animal, was used as random effect. The results are presented as least squares means for the 4 experimental groups. The Scheffé test was used for all possible pairwise comparisons when the interaction between sanitary conditions and dietary Trp was statistically significant. This test was also used to analyze the time response of plasma Trp and haptoglobin concentrations. Differences between least squares means were declared significant at P < 0.05. Low-Trp = Trp supplied was 20% less than the recommendations made by Sève et al. (1994) ; high-Trp = crystalline l-Trp was added to the low-Trp diets to satisfy Trp requirements. Expressed as g/kg on as-fed basis, except for NE that is expressed in MJ/kg. 
RESULTS

Growth Performance
The interaction between dietary Trp and sanitary conditions was not statistically significant (Table 2) . Pigs from the different experimental groups had a similar initial average BW at weaning. Despite the restriction, some feed refusals were noticed in some pigs kept in poor sanitary conditions, fed the low-Trp diet, or both. During the phase I period, ADFI was less in pigs housed in poor sanitary conditions than in pigs kept in good sanitary conditions (P < 0.001). During the phase II period, there was no difference between the 2 sanitary conditions, whereas pigs fed the low-Trp diet ate less feed than pigs fed the high-Trp diet (P = 0.01). During the transition phase, both poor sanitary conditions (P < 0.001) and low dietary Trp (P = 0.001) decreased ADFI. Pigs housed in good sanitary conditions and fed the high-Trp diet were the only group that consumed their entire feed allowance, whereas some feed refusals were recorded in the other groups.
During the phase I and the transition phase, ADG (P < 0.001) and G:F (P = 0.02 and P < 0.001 during the phase I and the transition phase, respectively) were less in pigs housed in poor sanitary conditions. Similarly, ADG (P = 0.02 and 0.004, respectively) and G:F (P = 0.01 and 0.02, respectively) were less in pigs fed the low-Trp diet during the phase I and transition phase. There was no difference in ADG or G:F between the 2 groups during the phase II.
During the overall experimental period, ADG, ADFI, and G:F were less in pigs housed in poor sanitary conditions (P < 0.001) and in pigs fed the low-Trp diet (P ≤ 0.003). Pigs fed the low-Trp diet and housed in poor sanitary conditions consumed less feed and grew slower compared with the 3 other groups. At the end of the experiment, pigs housed in poor sanitary conditions and fed the low-Trp diet were lighter than those housed in good sanitary conditions or fed the high-Trp diet (P < 0.001 and P = 0.004, respectively).
Haptoglobin and Glutathione Concentrations
Blood glutathione concentrations were not affected by sanitary conditions and dietary Trp (Table 3) . Glutathione concentrations were less at d 33 compared with d 12 and 47 (time, P < 0.001). Plasma haptoglobin concentrations were greater in pigs kept in poor sanitary conditions (P < 0.001), whereas dietary Trp had no effect on plasma haptoglobin concentrations. The interaction between sanitary conditions and di- Experimental treatments: pigs affected to the good sanitary conditions were housed in cleaned and disinfected rooms and received an antibiotic supplementation; pigs affected in poor sanitary conditions were housed in rooms that were not cleaned; the high-Trp diet was supplemented with free l-Trp and supplied 2.3 and 2 g of digestible Trp/kg of phase I and phase II diets, respectively. The low-Trp diet supplied 1.7 and 1.5 g of digestible Trp/kg of phase I and phase II diets, respectively. Tryptophan metabolism in poor sanitary conditions etary Trp was significant (P = 0.039). Pigs housed in poor sanitary conditions and fed the low-Trp diet had less plasma haptoglobin concentration than those fed the high-Trp diet (P < 0.05), whereas there was no difference for pigs housed in good sanitary conditions. Plasma haptoglobin plasma concentrations were greater in pigs kept in poor sanitary conditions on d 12 and 47, but not on d 33 (time, P < 0.001; Figure 1 ). At d 12 and 47, 78.9 and 76.3% of pigs housed in poor sanitary conditions, respectively, had greater plasma haptoglobin concentrations than the average concentration measured in pigs housed in good sanitary conditions. Within each sanitary condition, there was no difference in haptoglobin concentrations between pigs fed the lowTrp diet and those fed the high-Trp diet measured at d 12 and 47, respectively (Figure 1 ).
Tryptophan and Related Metabolite Concentrations
There was no interaction between dietary Trp and sanitary conditions on plasma Trp, kynurenine, or P-5-P concentrations (Table 4) . Plasma Trp concentrations were greater for pigs fed the high-Trp diet and less in pigs housed in poor sanitary conditions (P < 0.001). Plasma kynurenine concentrations were greater (P = 0.023) in pigs fed the high-Trp diet compared with those fed the low-Trp diet. The sanitary conditions had no effect on plasma kynurenine concentrations (P = 0.43). Plasma P-5-P concentrations were not affected by dietary Trp. Pigs housed in poor sanitary conditions had decreased P-5-P concentrations in plasma compared with those housed in good sanitary conditions (P < 0.001). The effect of time was statistically significant for the 3 metabolites, but there were no interactions among time, sanitary conditions, and dietary Trp.
Pigs housed in poor sanitary conditions had decreased plasma Trp concentrations 12 and 47 d after weaning regardless of the dietary Trp content (Figure 2) . Pigs fed the low-Trp diet had less plasma Trp concentrations than those fed the high-Trp diet 12, 33, and 47 d postweaning.
Plasma AA Concentrations
Plasma concentrations of indispensable AA are presented in Table 5 . Overall, the experimental treatments had a very moderate impact on indispensable plasma AA concentrations. Pigs fed the low-Trp diet had decreased plasma Thr concentrations compared with pigs fed the high-Trp diet (P = 0.005). Pigs housed in poor sanitary conditions had greater plasma Val and Phe 
DISCUSSION
Blood concentrations of glutathione were not affected by the sanitary conditions. It appears that, in our experimental conditions, glutathione concentrations were probably not a good indicator of the impact of poor sanitary conditions on weaned pigs. In rats suffering from severe inflammations, Breuillé et al. (1994) showed that tissue and blood glutathione concentrations increased during the first day after the experimental infection before decreasing during the later stages of infection. Indeed, gluthathione concentrations can depend on the balance between glutathione synthesis and its utilization as a free radical scavenger (Malmezat et al., 2000) . This indicates that glutathione concentrations can be varied throughout the inflammatory response and it would depend on the ability of the animal to maintain their pool of glutathione. The responses of plasma haptoglobin and growth performance confirmed our previous observations (Le Floc'h et al., 2006) . Pigs housed in poor sanitary conditions had greater haptoglobin concentrations and less ADG than pigs kept in good sanitary conditions, especially in response to environmental or management changes such as weaning and the transfer to the growing unit. As suggested previously (Le Floc'h et al., 2006) , reduced growth rate observed after weaning and after the transition to the growing unit could be associated with a low-grade inflammatory response caused by poor sanitary conditions. No more differences were found between the 2 sanitary statuses during the phase II period, indicating that pigs were probably adapted to their environment. Haptoglobin, a major acute phase protein in pigs, is synthesized by the liver in response to activation by inflammatory cytokines such as IL-1 and IL-6 (Wassell, 2000) . In the present experiment, we used haptoglobin as an indicator of inflammation. For several animal species, an increased plasma haptoglobin concentration is considered to be a relevant indicator for infections (Knura-Deszczk et al., 2002) and inflammation (Eckersall et al., 1996; Melchior et al., 2004) . In response to infection, haptoglobin remains at an increased concentration in plasma for a longer time compared with the other acute phase proteins such as C reactive protein Tryptophan metabolism in poor sanitary conditions (Heegaard et al., 1998) . According to serological and bacteriological measurements or clinical observations, plasma haptoglobin is considered to be a good marker of pig health and sanitary status of pig farms (Harding et al., 1997; Lipperheide et al., 2000) . Nevertheless, in the present experiment, it is also possible that the use of antibiotic to improve the good sanitary status of control pigs might also limit the production of haptoglobin through exerting an antiinflammatory effect on those pigs (Niewold, 2007) .
Pigs were subjected to a feed restriction to control feed intake between the different experimental groups. Using the same procedure, we have previously shown that poor sanitary conditions, reproduced exactly in the same way as in the present experiment, reduced growth rate because of modifications of nutrient utilization and metabolism (Le Floc'h et al., 2006) . In the present experiment, feed restriction did not prevent some feed refusals in pigs housed in poor sanitary conditions or fed the low-Trp diet or both. The impact of sanitary status on feed intake could be explained by the low grade inflammatory response and the action of some proinflammatory cytokines such as IL-1 (Johnson, 1998) and also because of the reduced Trp dietary content. Indeed, the depressing effect of reduced Trp dietary supply on appetite has been previously reported (Henry et al., 1992 (Henry et al., , 1996 Eder et al., 2001) , but the mechanism whereby Trp influences appetite is not fully elucidated yet. Several hypotheses have been recently reviewed by Le Floc'h and Sève (2007) . Some of them involve the availability of Trp in the brain and the synthesis of serotonin, and the others explore the role of Trp in the peripheral control of appetite through the production of gastrointestinal hormones, such as ghrelin and gastric inhibitory peptide. Our results also showed that poor sanitary conditions induced a decrease in plasma Trp concentration that could have amplified the impact of low-Trp on appetite and feed intake. The decrease in plasma Trp was associated with an increase in Val, Ile, Leu, and Phe. Plasma accumulation of these large neutral AA is known to reduce Trp uptake into the brain, which could further reduce appetite and the availability of Trp for brain serotonin synthesis in pigs (Henry et al., 1992) .
One of the consequences of feed refusals by pigs housed in poor sanitary conditions was that those pigs ate 5 to 9% less Trp than pigs kept in good sanitary conditions when they were fed the same diet. Even if feed refusals in poor sanitary conditions remained very limited, they were probably sufficient to affect ADG, as well as plasma Trp and other metabolite concentrations. Thus, it is difficult to evaluate to what extent the decrease in ADG has been caused by reduced feed intake or by modifications in nutrient metabolism because of the low-grade inflammation. The same is true for plasma Trp concentration, but it was the only indispensable AA that plasma concentrations were reduced by sanitary status during phase I and transition phase, indicating a specific metabolic change induced by the low inflammatory response. The degradation of sanitary conditions had a greater impact on plasma Trp than Trp intake. Thus, it seems that the reduction in feed and Trp intake was not the only factor explaining the decline in plasma Trp concentrations measured in pigs housed in poor sanitary conditions. Accordingly, disturbances of Trp metabolism could also modify plasma Trp concentrations. In this way, an increase in the fluxes removing Trp from the plasma (i.e., incorporation of Trp into proteins and Trp catabolism) or a decrease in the fluxes supplying Trp (i.e., Trp from protein breakdown) would reduce plasma Trp concentrations. 2 Experimental treatments: pigs assigned to good sanitary conditions were housed in cleaned and disinfected rooms and received an antibiotic supplementation; pigs assigned to poor sanitary conditions were housed in rooms that were not cleaned; the high-Trp diet was supplemented with free l-Trp and supplied 2.3 and 2 g of digestible Trp/kg of phase I and phase II diets, respectively. The low-Trp diet supplies 1.7 and 1.5 g of digestible Trp/kg of phase I and phase II diets, respectively.
3 RSD = residual SD is the root mean square of the error that applies to the statistical model. The decreased growth rate induced by the poor sanitary status indicates that flux of Trp utilization for growth and muscle protein deposition was decreased. Therefore, modifications of this flux are unlikely the factor explaining the decreased plasma Trp concentrations found in poor sanitary conditions. Nevertheless, apart from muscle proteins, the synthesis of some proteins, such as the acute phase proteins, can be increased during inflammation. In humans, Preston et al. (1998) suggested that the decline in plasma Trp concentrations observed in patients suffering from general inflammation could be explained by the synthesis of acute phase proteins such as haptoglobin. Indeed, these proteins have a specific AA composition because they have an increased Trp content compared with muscle protein. The synthesis of acute phase proteins would require Trp in great amounts from muscle protein breakdown (Reeds et al., 1994) . Protein degradation is supposed to be increased during inflammation and could also contribute to explain the decreased growth rate of pigs housed in poor sanitary conditions. However, the increase in protein breakdown would have increased plasma Trp. We have previously showed that, in pigs suffering from experimental lung inflammation, the decrease in Trp plasma was associated with increases in both plasma haptoglobin concentration and IDO activity (Melchior et al., 2004; Le Floc'h et al., 2008) . This enzyme, involved in the catabolism of Trp to kynurenine, is induced during inflammatory states (Widner et al., 2000) and especially under the activation by interferon γ (Takikawa et al., 1998) . In our experiment, because the decrease in plasma Trp concentration was not associated with an increase in plasma kynurenine concentrations in pigs housed in poor sanitary conditions, we cannot confirm the increased Trp catabolism. However, kynurenine being the first intermediary metabolite of a complex metabolic pathway resulting in the production of several other molecules such as niacine, picolinic, and kynurenic acids, and ATP, it is possible that kynurenine changes in plasma are not a reliable indicator of IDO activity in vivo (Melchior et al., 2005) . The catabolism of Trp through the kynurenine pathway requires P-5-P as a cofactor for enzymes, which are involved in the metabolism of kynurenine (Bender, 1987) . In our experiment, P-5-P concentrations were not affected by dietary Trp or sanitary conditions, indicating that P-5-P supply was not a limiting factor for Trp metabolism and for growth. Finally, as suggested by Le Floc'h et al. (2008) , the decreased plasma Trp in pigs housed in poor sanitary conditions and suffering from a low grade inflammation could be due to changes in IDO activity and haptoglobin concentration.
The decrease in plasma Trp concentrations can influence the metabolic availability of Trp for growth or any of other functions, in which Trp is involved. In this experiment, the increased dietary Trp contents (i.e., 0.29 and 0.24% of phase I and phase II diets, respectively) did not maintain plasma Trp at the same concentration for both sanitary conditions. Similarly, additional Trp did not prevent the reduction of growth rate observed in pigs housed in poor sanitary conditions during the experimental period. Further investigations are required to verify if Trp is limiting for growth in poor sanitary conditions, and if the present Trp content in high-Trp diet was sufficient to offset the detrimental effect of poor sanitary conditions on growth rate and plasma Trp.
This study confirms that a low-grade inflammation can be achieved by degrading the sanitary quality of environment where pigs were housed after weaning. The inflammation was confirmed by greater haptoglobin plasma concentrations measured in pigs housed in poor sanitary conditions compared with those housed in good sanitary conditions. This moderate inflammation reduced growth performance and plasma Trp concentrations, indicating that Trp availability for growth and other metabolic functions was affected. Finally, our data indicate that the degradation of sanitary conditions disturbed Trp metabolism and, probably, modified the Trp requirement for growth. Additional experiments will be necessary to better determine the impact of sanitary conditions on Trp requirements for growth and other physiological functions involving Trp.
